ABSTRACT
Introduction
Cisplatin, cisplatinum or cis-diamminedichloroplatinum (II) (CP), is an effective antineoplastic agent. CP is widely used alone or combined with other cancer drugs for the treatment of many types of cancers including lung, ovarian, neck and brain 1 cisplatinum, or cis-diamminedichloroplatinum (II. However usage of CP is limited because it has toxic effects on the many organs and systems such as nephrotoxicity, hepatotoxicity, ototoxicity and neurotoxicity 1, 2 cisplatinum, or cis-diamminedichloroplatinum (II. Neurotoxicity is one of the most prevalent side effect of CP and this case restricts dose of CP 3 . The mechanism of CP inducted neurotoxicity is still unknown exactly but past studies indicated that CP direct connects with neuronal DNA and increases formation of reactive oxygen species (ROS) 4, 5 . In accordance, our previous studies showed that CP leads to oxidative damage on the nervous system 6, 7 the beneficial effect of hesperidin (HP. Therefore, many antioxidant compounds such as selenium 8 , D-Methionine 9 were tried with a view to can prevent CP induced oxidative damage on the nervous system. However, to our knowledge, Beta glucan (βg)
was not tried opposite to CP induced neurotoxicity.
βgs are natural polysaccharides that have pharmacological activities such as immunomodulation and antioxidant activity, obtained from many mushrooms, fungus and cereals species 10, 11 .
Many useful effects on the health of βgs have manifested in previous studies. Immune modulatory 10 , anti-allergic 12 , antihepatic steatosis 13 , on the skin health 14 , blood glucose lowering 15 and anti-cardiovascular diseases 16 effects are some of those useful effects only. In addition to various studies showed that βg has affirmative effect opposite to CP toxicity including myelotoxicity 17 , genotoxicity 18 and nephrotoxicity 19 . To our knowledge, there is no reported study as to whether the treatment of βg can prevent CP neurotoxicity.
In that context, we hypothesised that βg added diet may reduce or prevent CP induced neurotoxicity owing to antioxidant, anti-inflammatory and immunomodulatory properties.
Methods
The protocol of this study was approved by the Institutional Animal Ethical Committee.
In total, 28 Spraque Dawley male rats obtained from Experimental Animals Unit of İnönü University were used this study. Rats of 250-300 g body weight were used (aged between 2-3 months). Animals were kept in sterilized polypropylene rat cages, under controlled environmental conditions at room temperature (21°C) and cycle of 12 h light and 12 h dark. Rats fed standard pellet food and given an ad libitum supply of water.
Rats were separated into four groups randomly (n = 7 each . TBARS level is an index of lipid peroxidation. The product was evaluated spectrophotometrically at 532 nm, and results are expressed as nmol/g tissue. To the end that evaluate of antioxidant defense system, levels of glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) was determined. SOD, CAT, GPx are enzymatic and GSH is non-enzymatic members of the antioxidant defense systems, which protect against oxidative damage, may cause ROS.The GSH level was measured at 412 nm and expressed as nmol/ml using the method of Sedlak and Lindsay 21 . SOD activity was measured using the method described by Sun et al. 22 .
According to that method, the activity is performed by taking into account the inhibited reduction of NBT (nitro blue tetrazolium) by the enzyme extract. One unit of SOD activity was defined as the amount of protein causing 50% inhibition of the NBT reduction rate. The product was evaluated spectrophotometrically at 560 nm.
Results are expressed as IU/mg protein. CAT activity in the brain tissue was determined by using the method described by Aebi et al.
23
. as mean ± SD and differences were considered to be significant at p<0.01.
Results

Biochemical results
TBARS, GSH, CAT, GPx, and SOD levels in rats' brain tissue are provided ( Table 1 ). The results showed that CP apply caused to significantly increase TBARS levels and significantly decrease in GSH, CAT, SOD and GPx compared to control and other groups. However, βg treatment together with CP significantly ameliorated in elevated TBARS levels and in deteriorated GSH, CAT, SOD and GPx compared to CP alone group. 
Histopathological results
In Control ( Figure 1A ) and βg groups ( Figure 1B In control ( Figure 4A ) and βg ( Figure 4B ) groups, cerebellar cortex showed normal histological appearence. Purkinje cells showed no histological changes. We detected deeply stained, shrunken and various shapes Purkinje cells with pyknotic nuclei in CP group ( Figure 4C ). In CP + βg group degenerative Purkinje cells were decreased ( Figure 4D ). properties with other a lot of beneficial properties for healthy 10, 29, 30 . βgs are found worth for study by many researchers due to have got beneficial properties such as immune modulatory 10 , blood glucose lowering 15 and anti-cardiovascular diseases 16 . In addition, many researchers have worked beneficial effects of βg opposed to cancer and/or side effects of cancer chemotherapeutics such as CP. Mechanistically, cyanidin significantly inhibited reactive oxygen species (ROS showed that CP lead to increase apoptosis and caspase-3 activation in neurons derived from PC12 cells. On the other hand, Nakamura et al. 34 claimed that CP produced no effect on intraneuronal transport. However, in our study, βg treatment with CP largely ameliorated histopathological and immunohistochemically deterioration. To our knowledge, there is no reported study as to whether the treatment of βg can prevent CP neurotoxicity. But, there were some studies related that βg can prevent CP toxicity on the some other tissue and system 17, 19, 29 .
However, there were a few studies that were made histological evaluation. Ku et al. 19 showed that βg corrected histopathological deterioration resulted from CP-induced acute renal failure.
Conclusions
Cisplatin administration caused increase oxidative stress and histopathological deterioration on the central nervous system of rats. Also, the use of βg with CP largely prevented biochemical and histopathological changes. It is more than probable that the beneficial effect of βg against CP-induced neurotoxicity can be due to its antioxidant, anti-inflammatory and immunomodulatory
properties. Thus, it appears that co-administration of βg with CP may be a useful approach to attenuate the negative effects of CP on the nervous system.
